radiographic fusion rates and reduced the complications secondary to implants.
The hypothesis for dynamic plates is still controversial. Currently, there is no study comparing the outcomes of dynamic and static plating techniques used in anterior cervical corpectomy and fusion (ACCF). The aim of our study was to show the reduction of complication rates in dynamic plates, the fusion rates and speed of dynamic plating, the reduction of cervical lordotic angle and similar or better clinical outcomes regarding to the static plates.
█ mATERIAl and mEThODS materials and Patient Population
From June 2009 to October 2012, 70 patients, who underwent ACCF for the treatment of cervical spondylosis were included in our study. Vectra-T plate was used in 36 patients and traditional static plate was used in other 34 patients. Among the 70 patients, 27 had cervical spondylotic myelopathy (CSM), 29 had cervical spondylotic radiculopathy (CSR), and 14 patients had mixed cervical spondylosis.
For anterior cervical plating, either a dynamic plate (study group, n=36), or a constrained, static (rigid) plate (control group, n=34) was selected for fusion. One level corpectomy was performed in all patients because they had two intervertebral disc involvements. There were 25 male and 11 female patients in the dynamic-plate group, with an average age of 58.1±10.14 years (ranged between 44 and 75 years). The duration of the disease was ranged between 1 and 120 months (average 23 months), with a follow-up period between 12 and 36 months. In the static-plate group, there were 21 male and 13 female patients with a mean age of 56.7±11.06 years (ranged between 40 and 72 years). The duration of disease was ranged between 1 and 180 months (average 26 months) in the static-plate group and the follow-up period ranged between 12 and 42 months (Table I) . Cervical spondylosis was definitely diagnosed in all patients after a detailed history and physical examination.
The exclusion criteria were: Patients with 2 or 3 level corpectomies, previous posterior cervical surgery, bone fusion in adjacent level of the cervical spine, suit for the artificial cervical disc replacement and were prepared for the surgery, severe osteoporosis, severe rheumatoid arthritis, active or suspected infection and malignancy.
measurement method
In order to determine the location, character, the grade of spinal cord injury and the level of surgery, all patients underwent the anteroposterior and lateral plain X-rays, lordotic and kyphotic position X-rays, computed tomography (CT) and magnetic resonance imaging (MRI) examinations before the surgery. Sagittal section angle, sagittal plane mobility and coronal angle of the titanium mesh cage, as well as the changes of sedimentation rate were measured and compared between the two groups at the postoperative 3 rd , 6
th and 12 th months and at the end of follow-up period (Figures 1, 2) . The Japanese Orthopedic Association (JOA) score, local and regional cervical angles (C3-C7) were measured before, immediately after surgery and at the end of follow-up period.
The speed of bone fusion, the rate of implant-related complications, the effectiveness of surgery and the radiological changes were compared for static-plate and dynamic plate groups.
Solid fusion was defined as the presence of following radiographic features: Absence of lucency or halo formation around the screws or cage-bone interfaces, lack of translation and <5° of motion in the flexion-extension radiographs, and osseous continuity through and/or around the cages on the followup sagittal reconstruction CT scans (Figures 3, 4) .
The sedimentation rate is defined as the ratio of the height of mesh case and the distance between the mid-point of upper end plate to the mid-point of lower end plate (14, 15) . The degree of cervical curvature was measured by the Cobb method.
Surgical Technique
All patients underwent implantation of a cervical plate by anterior approach with complete decompression of the spinal cord. The titanium mesh was trimmed to the needed length and the corpectomy was performed with rongeurs and Kerrison punch leaving only the posterior cortical margins in place. Once the corpectomy had been completed, a titanium mesh cage was inserted with an autologous local bone graft harvested during the corpectomy. Finally, a plate and variable screws were implanted in all patients. The patients were mobilized a day after the surgery and discharged from the hospital at the postoperative 5 th to 7 th days. Patients used a hard collar for 3 months after discharge and performed appropriate physical exercises.
Statistical Analysis
Statistical analysis was performed using Chi-square and Mann-Whitney tests. Results were considered statistically significant when p value was less than 0.05. Overall, the average time of surgery was 145 minutes and the average amount of bleeding was 50±0.84 ml (40 ml-60 ml). Until the end of the follow-up period, there was no patient who experienced neurological deterioration, deep infection or cardiopulmonary insufficiency. There were no surgeryrelated complications such as plate fracture, screw loosening happened after surgery or during the period of follow-up. All of the 70 patients showed clinical improvement and solid bony fusion without pseudo-articulation formation. There was no significant difference between the two groups regarding age, sex, preoperative diagnosis and the type of implant.
Clinical Outcome
There are no clear advantages in clinical outcome of dynamic plates over static plates (Table II) . Neurological status of the patients was assessed using JOA scoring system. The average JOA score for both groups were increased compared to preoperative scores. The average JOA score for the dynamic group was 7.68±1.66 and increased to 10.92±1.97 after surgery (p<0.05), which accounted for significant improvement of 3.74. The JOA score reached to 12.74±1.27 at the end of follow-up period, which increased 5.06 scores (p<0.05). For the static group, the average JOA score was 7.46±1.44 and increased to 10.85±2.08 after surgery (p<0.05), which accounted for a significant increase of 3.39. The JOA score reached about 12.31±1.22 at the end of follow-up period, which increased 4.85 scores (p<0.05). There was no statistical difference between the groups regarding preoperative, postoperatively or final clinical status of the patients (p>0.05). Both groups showed a significant improvement in neurological status when compared with the preoperative neurological status.
Radiological Outcome
Solid fusion situation: In the dynamic group, 18 (50%) of the 36 patients achieved solid fusion at the 3 rd month after surgery, and 26 (72.2%) patients achieved solid fusion at the 6 th month after surgery. In the static group, 14 (41.1%) of the 19 patients achieved solid fusion at the 3 rd month after surgery, and 23 (67.6%) patients achieved solid fusion at the 6 th month after surgery. All of 70 (100%) patients achieved solid fusion within one year after surgery (Table III, Figures 3, 4) . There was no difference between the two groups at the 3 rd , 6 th , and 12 th month after surgery (p>0.05).
One patient in the dynamic group suffered chronic neck pain 6 months after surgery and CT scan showed that the adjacent level of surgery had undergone fusion. More of the patients who underwent ACCF surgery with Vectra-T plate, titanium mesh cage and bone graft, achieved earlier fusion than the patients in the static-plate group but there were no significant difference in fusion rate between the two groups.
Measurement of regional cervical angle:
Radiological examinations revealed that the mean local cervical angle (angle between a and b in Figure 1 ) was -2.98 degrees (a negative value corresponds to a lordotic angle and a positive value indicates the presence of kyphosis) in the dynamic group and -3.57 degrees in the static group, compared to the preoperative measurements. There was a significant difference after the surgery (p<0.05), but there was no significant difference between the two groups. The local cervical angle at the end of the follow-up period declined compared to the postoperative local cervical angle but improved compared to the preoperative measurements (Table IV, Figure 1 ). Radiological evaluations revealed that the mean regional cervical angle was -4.48 degrees (a negative value corresponds to a lordotic angle and a positive value indicates the presence of kyphosis) in the dynamic group and -3.25 degrees in the static group compared to the preoperative measurements.
There was a significant difference after the surgery (p<0.05), but there was still no significant difference between the two groups (p>0.05).
Evaluation of stability:
The sagittal angle was used to evaluate the morbidities of graft collapse, extrusion, or progressive kyphosis. In this study, no patients experienced a change in sagittal angle of more than 10° in two groups, which indicated no significant instability, and there were no significant difference between the two groups.
The sagittal average angle of the two groups immediately after surgery was 2.31±1.32° (dynamic-plate group) and 2.26±3.39° (static-plate group). At the third month after surgery, it was 2.10±0.96° and 2.21±2.42°; at the 6 th month after surgery, it was 2.46±1.15° and 2.61±1.42°, at the 12 th it was 3.41±1.86° and 3.18±1.57°, at the end of the followup period it was 2.71±1.24° and 3.02±1.18°. The coronal angle was used to evaluate the radiographic stability. If the coronal angle changed more than 10° at each time point, it was considered a significant instability. In this study, no patients experienced significant instability. involved the intervertebral disc space. However, these patients did not have any symptoms related to displacement of the implant.
█ DISCUSSION ACCF surgery is a common and successful method for the treatment of cervical degenerative disc disease. The anterior cervical plate has been developed as an adjunct to anterior bone grafting in order to prevent graft dislodgement, enhance the stability provided by the intervertebral bone graft, regain and keep physiological lordosis, and ultimately promote mature bony fusion of the spinal segment.
The design of the plates has been remarkably improved with the development of biomechanics. Dynamic anterior plates have been theoretically popularized to promote cervical spine fusion, but there were still some controversies in clinical outcomes compared to static plates (20) .
Dynamic cervical plates have been introduced to reduce the stress shielding across the graft which may, in fact, affect graft healing by allowing for load sharing across the graft without apparent loss of rigidity (2, 9) . These studies consequently confirmed the radiographic fusion rates. Some researchers suggested that the dynamic plates could provide a better effect in clinical use (24) (25) (26) (27) 32) . Goldberg et al. (16) observed a higher rate (75%) of union 6 to 9 months after surgery in patients treated with a dynamic plate compared with a rate of 62.5% in patients treated with a static plate. In 10 to 13 months' follow-up, the union rate was 90% with a between the two groups (p>0.05). There was a change of less than 10% in sagittal plane mobility and sedimentation rate, which demonstrated the stability of the implant (Tables V-VIII, Figures 1,2) .
Displacement of implants and intervertebral disc involvement:
During the follow-up period, displacement of the implant was observed in 2 patients in the static group and in one patient in the dynamic group and the displacement 
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5-9% 6 6 >10% 0 0 patients had lordosis and 6 (16%) had kyphosis. Pitzen et al. (27) performed a study to compare the clinical outcomes of patients who underwent ACCF with either dynamic plates or static plates and they found that the loss of anterior spinal column was more serious but the clinical effect was similar between the two groups. In our study, radiological evaluations revealed that the mean local cervical angle was -2.98 degrees in the dynamic group and -3.57 degrees in the static group compared to the preoperative measurements. There was a significant difference before and after the surgery (p<0.05), but there was no significant difference between the two groups. The local cervical angle at the end of the follow-up period declined compared to the postoperative local cervical angle but improved compared to the preoperative measurement. Evaluations revealed that the mean regional cervical angle was -4.48 degrees in the dynamic group and -3.25 degrees in the static group compared to the preoperative measurements. There was a significant difference before and after surgery (p<0.05), but there was still no significant difference between the two groups (p>0.05).
We inserted a mesh cage in all cases after corpectomy instead of autologous iliac crest graft to expect the same effect in fusion. There were many complications related to the autologous iliac crest, for example pain in iliac sampling area, haematoma, nerve injury and risk of infection. So, we preferred the more suitable method, the mesh cage, after corpectomy. Many studies have focused on the stability of the mesh cage. Narotam et al. (23) shared their experience of anterior cervical fusion using titanium mesh and a static plate. The sedimentation rates due to titanium mesh were 4.46%, 3.89% and 4.35% in 3 months, 6 months and one year after surgery. The change of sagittal plane mobility was 3.9% after one year's follow-up. At the end of follow-up period, the change of sagittal angle and coronal angle was 2.89° and 2.09°. In our study, there was no statistically significant difference regarding to mean sagittal angle, coronal angle, sagittal plane mobility and sedimentation rate between the two groups (p>0.05) for each time point. There was a change of less than 10° in all angles for both groups. The rate of sagittal mobility, 4.30±5.81% (the dynamic plate group) and 3.60±6.31% (the static plate group), and the sedimentation rate was 4.67±3.30% in dynamic plate and 4.11±2.27% in static group. The change was less than 10%, which demonstrated the stability of the implant.
dynamic plate compared to 84.7% with a static plate. Nunley (24) completed a prospective randomized single-blind trial comparing the visual analogue scale (VAS) score and the neck disability index (NDI) score between the dynamic plate and the static plate and there was no significant difference in single level ACCF. In multi-level ACCF, the dynamic plate group had lower score in VAS and NDI evaluation than the static plate group. On the other hand, other researchers (4, 12) found that there was no significant difference in the speed of fusion and the clinical effects between the 2 groups. In our research, there was no difference based on the JOA score of the patients between the two groups, while the dynamic plate had higher speed of fusion in average than the static plate group.
ACCF surgery can reduce the loss of local lordosis and correct the kyphosis (33). Researchers have proven that the anterior cervical plate can improve the lordotic curve (19, 33 
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Many investigators have focused on the factors that can affect the subsidence behavior of titanium mesh, such as the cutting way, the management of adjacent endplate and so on (14) . In our study, 16 (80%) of the 20 patients who underwent ACCF with titanium mesh experienced subsidence of the cage. It is commonly thought that the incidence of cage subsidence is higher in older patients and in women, especially after menopause, because the bone quality of the vertebrae and the thickness of the endplates decrease in these patients (17) .
Most of the subsidence seemed to occur by the similar mechanism into the caudal part of the vertebral bodies, followed by the plate or screw extrusions (11) . It is probably due to the micromotion of screw that made it hard for the plate to maintain the height of the vertebral bodies (15) . Theoretically, complications of subsidence are the loss of intervertebral disc height, kyphotic deformity, neurologic deterioration and the reduction of neural foramen volume. In clinical studies, mild subsidence did not produce significant clinical results (22) .
There was no statistically significant difference between dynamic plates (Vectra-T, Synthes, Switzerland) and static plates regarding to the rate of fusion. This might be secondary to the use of mesh cage instead of a graft after corpectomy. The clinical and radiographic changes, such as local cervical angle, regional cervical angle, the stability of the mesh cage and the deflection of implant, were also similar between the two groups. All patients in both groups can experience good or excellent results if the correct indication and appropriate treatment were performed.
█ CONClUSION
The decision to choose a specific cervical is difficult despite increasing biomechanical and clinical data. Design of the plate probably does affect surgical outcome; however, most clinical series do not have the power to discern the differences. More scientifically designed, prospective, randomized clinical trials are still needed. The most appropriate spinal implant remains case-based, patient-specific, and whether a static or dynamic implant. It is considered to be a surgeon preference rather than indicated on the basis of strong biomechanical or clinical data.
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